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ABSTRACT

The partitioning of Pb-210, Po-210, and Th-234 between the
dissolved (<0.4p ) and solid phases in the water column of San
Francisco Bay is presented. Profiles of Pb-210, Tn-234, and Cs-137
in sediments are alsc presented. These data were used to determine

residence times and resuspension rates of suspended sediment

narticles, sediment zccumulation and mixing rates, and to further the

knowledge of the geochemical behavior of these isctopes in esiuarine
environments.

ir uptake rate constant for the scavenging of Tn-234 from
sgluzion onte particies of 1.520.6 day~* is calcuiated from the

1
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ot
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v 34 activity, .04:.01 dpm/1, znd iis produltion

rete by the eecay of U-238., It is unclear whether tnis removal is
due *o reversible or irreversible adsorption. Residence times of
suspended particies in surface waters ranging Trom 1 to 21 days are
calculated from the mass balance of Th-234 in the water column and
average 6.824.5 days for the South Bay and lliloldays for San Zablo
Bay. If the input of excess Th-234 by resuspension of bottom
sediments is included, particle residence times of 3.522.2 days for
the South Bay and 523 days for San Pablo Bay are calculated. Water
column semples from near the bottom yield longer rasidence times,

which probably reflect near bottom transport of partictes Trom

shallow to deep regions. Resuspension rates of 1.1%1.4 gm/cméyr

deep zreas of South Bey, 0.721.0 for shallow areas of South Bay, and

0.721.0 for the deep zrees of San Psblo Bay are caiculated from the

distribution of Th-£34 in the water column and secimant., Comperiscn

H




of these rates to accurulation rates-suggest sediments are
resuspended at lteast 2 to 5 times before final burial in the deep
areas of South Bay.

Surface sediment mixing rate constants calculated from Th-234
sediment activities range from 1 te 10 x 10-° cm?/sec at deep

tations of the South Bay. The shallow reaches yield rate constants

i

of less than 1 x 1077 em“/sec. Live polychaetes, observed to 60 crm
in cores from the deep area, mey be responsible for much of the

sadiment reworking. In San Pablo Bay sediments, where Tive bernthic

3]

macrofauna were not observed, Th-234 indicates 1ittie or no sediment

~iyirg. Integrated excess Th-Z34 activities in sedimgnts et the degp

stations of the South Bay have & 2 to 18-fold greater activity than

cinooe sugported by The deceyv of U-22% in tne cverlying weter column.
This suocests that these areas accumulete Th-234 and sediments from

the adjacent shoal areas.
An inverse relationship betweeen dissolved and suspended
narticle Po-210 activities suggests an irreversible scavenging of

10 from solution. Pb-210, however, shows an opposite trend,

I3

Po-
which is modelled as an equilibrium partitioning. Overall
distributfon coefficients of 1.3%.1 x 10° cm®/om for high salinities
(>28°/c0) and 2.8%.3 x 10° for low salinities (<187/cc) are
calculated and are used for cetermining suspended particlie excess
activities from totai {unfiltered) water samples. A seasonal
variation in excess P5-210 activity or suspended particles ranging
¢rom 1.9 dpm/gm during low fresh water inflows and 3.8 dpm/gm during

=7

high flows is observed, The elevated activities cduring hich Tiows

rJa




are similar to those measured in river water above the rull zone of
the estuary. Po-210 and Pb-210 activity ratios in total water
samples range from 0.6%1 to 1.2%.1 in both bays. The lower values
measured during high fresh water inflows probably reflect the

atmospheric source of excess Pb-210. Suspended particle activity

ratios are generzlly higher than total samples indicating a

£

preferential removal of Po-210 over Pb-210 from soiution.

Excess Ph-210 in the sediments of the deep areas of South and
San Pablo Bavs extends much farther down core (up to 130 ¢m) than in
the shallow reaches (10 to 20 cm). \Upper limits of recent sediment

sreumilztion rates ere estimated from the integrated excess Pb-2i0 in

activity of suspended

carziclas,  Trese raznge from 0,03 o 010 em/cm?yr in the snozls and
0.12 to 0.53 gm/cr-yr in the deep areas of the South Bay., Rates in
San Pabio Bay ranze from .08 to 0.1l am/em®yr in the shoals and 0.9

t0 1.0 gm/cmzyr irn the deeper arezs. However, numerical modelling of
Pb-210 profiles using mixing and resuspension rates derived from
Th-234 data shows “hat the combination of deposition, resuspension,
and mixing can produce profiles observed in the shallow areas. In
the deeplareas modelling shows that some net deposition is required.
These results incicate that an influx of new sediment particles to
the sediment column can be maintained without net depositicn and that
the accumulation rates baseg on a Pb-210 mass baiance are upper
limits.

&n atmospheric Pb-210 flux of C.15 dpmfcmzyr for the San

Francisco Bay aree was measured with artificial celiectors. This




réete agrees well with the rate of 0.12 determined by integrating the
Pb-210 excess in & salt marsh core. A flux of 0.23 dpm/cmzyr was
measurec in the Los Angeles area with collecters. The higher flux in
Los Angeles is probably due to a two fold greater rainfall during the
collection period than in the Say area. Both fluxes are
significantly Tower than Turekian et al's (1979) global model
oreZicts. Bav-wide sediment end Pb-210 budoets suggest that the
mezsured fiux is more realistic than the model predicted Tiux.
The depth of Cs-137 activity in sediments and their integrated

ct‘vities show geographic variability similar to that observed for
e 7 to equal or greater depths

e *
-Z21J.  s0oern

nced penetration of Cs-1

[4Y]

tear pxcess Pb-210 is cbserved in cores with abundant active
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rzdial diffusion out of the burrows., C5-137 activity profiles show
no cistinct mexima that can be correlzted with temporal variations in
fzliout delivery. Their absence is probably due to sediment mixing
and *he temporal input of (s-137 bearing particles from the drainzage
hzsin., The inventory of (s-137 in the South Bay is 60% of the amount
supplied by direct fallout. In Sap Peblo Bay, the inventory is twice
the amount delivered by fallout. In the Central Bay, the inventory
is equal to the activity delivered by direct fallout., Since a
significant fraction of the feilout Cs-137 s flushed out o ine bay
in *he gissolved phase, a large input of Cs-137 derived from the
drzinage basin is reguired to support the cbserved activites.

Bay-wide Pb-210 inventories indicate that dirgct fallcut

suprlies 53% of the excess Pb-210 in South Bay sediment, 30% in San




Pablo Bay and £40% in the Central Bay. Assuming that the input of
suspended sediment from local rivers and streams {with an excess
Pb-210 activity equal to that measured in river water) is the only
other source of Pb-210, 1.0 = .4 x 10t! gn/yr of sediment must be
deposited in the South Bay to maintain the observed Pb-210 activity.
This is 23% of the sediment supplied by local streams. For San Pablo
gra/yr of sediment from local streams and rivers
1=z sources is reguired. Tnis input accourtis for 85% of
tne sediment deliverec by the tocal sources. The (entral Bay
requires 0.82.3 x 10°1 am/yr of sediment from local stream and delta
eg. Trese recuirec inputs result in overall zccumulation rates
of 0.C3 gmfcmzyr for tne South bay, 0.10 gm/cmzyr for muddy &sreas of

P b < H
anc L.l cm/omsyr in Sa

3
v

-
a2

0 Bay., tér
budgess, which suggested net erosion in the South Bey based on
changes in bathymetry, mey be in error because they vail to account

for recent sea ‘tevel rise and Yocal subsidence.







